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Abstract
Dry heat treatment has been identified as a method for disinfecting seed-borne pathogens in vegetable seeds. This study demonstrated that
three seed-borne pathogens of cucumber (Cladosporium cucumerinum that causes scabs, Ascochyta citrullina that results in gummy stem blight,
and Colletotrichum orbiculare that induces anthracnose) could be effectively eradicated from cucumber seeds by dry heat treatment. In vitro growth
of these three pathogens was inhibited by dry heat treatment at 70 °C for 40 min. These pathogens were inactivated after exposing infected seeds
to 70 °C dry heat for at least 90 min. Seed infection was significantly reduced by exposing the seeds to 70 °C dry heat for at least 40 min. Seed
moisture content and germination were slightly reduced after 70 °C heat treatment for 40–120 min. Seed vigor remained at a high level after dry
heat treatment at 70 °C for 90 min. In conclusion, 70 °C dry heat treatment for 90 min was determined to be the optimal method for eradication
of C. cucumerinum, Didymella bryoniae, and C. orbiculare from cucumber seeds.
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1. Introduction
Cucumber (Cucumis sativus L.), a member of the
Curcurbitaceae, is one of the most common vegetables in China.
Cucumber scab, cucumber gummy stem blight, and cucumber
anthracnose, which are caused by Cladosporium cucumerinum,
Ascochyta citrullina, and Colletotrichum orbiculare, respec-
tively, are three economically significant diseases affecting
cucumber production. These pathogens are capable of surviv-
ing from season to season inside or on the surface of cucumber
seeds (Du et al., 1984; Zhang et al., 2006; Nasreen et al., 2009).
Diseased plants, seeds, weeds, wild cucurbits, and infected soil
debris are all potential primary sources of C. cucumerinum, which
can be found on the surface of or inside seeds the next year,
thereby resulting in a high infection rate in cucumber plants (Yuan
et al., 1991). A. citrullina is often detected in the seed perisperm
and cotyledons (Du et al., 1984). Therefore, seed treatment
schemes that effectively eliminate pathogens yet impart minimal
to negligible seed damage are warranted.
Physical, chemical, and biological seed treatments have been
proven effective for seed disinfection (Kritzman, 1993; Thomas
and Adcock, 2004; Sajid et al., 2006; Schmitt et al., 2009).
However, chemical seed treatment using a single chemical reagent
cannot consistently reduce pathogen populations (Taormina et al.,
1999). Fungicide seed treatments reduce the transmission fre-
quency of anthracnose, but do not eradicate pathogens inside the
seeds (Thomas and Sweetingham, 2003). Dry heat treatment,
which has been developed several years ago, is a common physi-
cal treatment for seeds and has been applied to various vegetables,
including cucurbits (Masaharu et al., 2012), solanaceous crops
(Li et al., 2011), Brassica (Song et al., 2011), lettuce (Schmitt
et al., 2009), spinach (Dadali et al., 2007), and carrots (Bang
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et al., 2011). This method can completely inactivate noxious seed-
borne bacterial pathogens such as Erwinia, fungal pathogens such
as Fusarium, Alternaria, and Cladosporium (Jung, 2004), as well
as the cucumber green mottle mosaic virus (Kim and Lee, 2000).
The present study analyzed the relationship between the con-
ditions of dry heat treatment and the effectiveness of disinfection
of seeds infected by C. cucumerinum, A. citrullina, and C.
orbiculare.
2. Materials and methods
2.1. Collection of seed samples
The crop surveys were conducted in Shandong and
Liaoning Provinces in China fromAugust to October 2013. Plants
grown inWafangdian, Liaoning Province were diagnosed to have
scab based on typical symptoms. Field or greenhouse plants in
Weifang, Shandong Province were diagnosed to be infected with
gummy stem blight and anthracnose. Initially, the pathogen D.
bryoniae was expressed on leaves in the form of angular lesions,
which subsequently dry up and drop off, thereby resulting in
ragged lesions. Symptoms of anthracnose infection include cir-
cular spots on leaves, whereas more severe cases involve leaf
desiccation. The stem base changes color to yellowish-brown and
shrinks. Cucumber leaves presenting typical disease symptoms
caused by different pathogens were collected. Small pieces of
tissue that were cut from the margins of lesions were disin-
fected in 1% NaClO for 3 min, rinsed three times with sterile
water, and placed on potato dextrose agar (PDA) plates. Conidia
were harvested from 14-day-old cultures grown on PDA under
a 12 h light/12 h dark photoperiod using near-ultraviolet light
at 25 °C. Images of the microstructures of conidia and co-
nidium terrier were captured. Cucumber seeds were extracted
from rotten fruits collected from the provinces and air-dried for
4 days. The seeds were then dried in ovens at 40 °C for 3 days
and stored at 4 °C in polythene bags. The seed cultivars used
in the present study were ‘Jinyou 36’ (J36), ‘Jinyou 35’ (J35),
and ‘Jinyou 12’ (J12). Seeds of similar size, color, and shape were
selected for the subsequent tests, which were conducted in
triplicate.
2.2. Isolation of pathogens and pathogenicity testing
Approximately 500 g of seeds that were infested with C.
cucumerinum, D. bryoniae, and C. orbiculare were respec-
tively collected from infected rotten fruits of cultivars J36, J35,
and J12. Symptomatic plant parts isolated from different zones
were vortexed in 75% ethyl alcohol for 30 s and in 1% sodium
hypochlorite (NaClO) solution for 5 min, and then rinsed three
times with sterile distilled water. Cultures of each pathogen were
inoculated onto new dishes of PDA medium (20 mL in a 90 mm
triple-vented Petri dish) and incubated in the dark at 28 °C for
11 days (International Seed Testing Association, 1981).
To confirm pathogenicity of the C. cucumerinum,D. bryoniae,
and C. orbiculare isolates from J36, J35, and J12, 30-day-old
cucumber plants were randomly selected and inoculated at the
collar region with a spore suspension at a density of 3.0 × 105
in sterile distilled water. Plants that were inoculated with sterile
distilled water served as controls. The plants were covered with
plastic bags for 2 days and kept at 23–25 °C and 90% relative
humidity, with a 12 h photoperiod under greenhouse condi-
tions. Plants were assessed for disease from 7 to 30 days post-
inoculation. Experiments were conducted in four replicates of
10 plants each and repeated three times for all three isolates.
2.3. Effects of dry heat treatment on in vitro fungal colony growth
For each of the three pathogens, circular plugs (5 mm in di-
ameter) were cut from non-sporulating mycelia from 7-day-old
culture dishes using a cork-borer, and a single plug was placed
upside down in the center of a new dish containing culture
medium (sterile gauze in a 90 mm triple-vented Petri dish). The
dishes were respectively subjected to temperature treatments of
55, 60, 65, and 70 °C for 20, 40, 60, 90, and 120 min using a
hot air oven (MEMMERT Universal oven). The hot air oven was
heated evenly and the temperature had a setting accuracy of 0.1 °C.
After heat treatment, a single plug from the treated plate was
placed upside down in the center of a new dish containing culture
medium (20 mL of PDA in a 90 mm triple-vented Petri dish).
Dishes were sealed with Parafilm M® and incubated in the dark
in incubators at 28 °C. Three replicate dishes were prepared for
each strain. External radial growth was recorded after 7 days using
two cardinal diameters that were previously drawn on the bottom
of the dish (Helen et al., 2003).
2.4. Measurement of seed moisture content, germination, and
seed vigor index (SVI)
A total of 50 cucumber seeds were used in the determina-
tion of seed moisture content using a moisture meter (OHAUS
Instruction Manual MB45 Moisture Analyzer), and each treat-
ment was replicated four times.
Approximately 100 cucumber seeds were placed on moist
sterile filter papers in 90 mm Petri dishes for 12 h to monitor
germination, and each treatment was replicated four times. The
emergence of 2 mm buds was scored, and the percentage of ger-
mination was calculated using the following formula (Copeland
and McDonald, 1995): Germination (%) = (number of seeds
germinated/total number of seeds) × 100.
Around 50 seeds were sown in culture trays (10 cm × 10 cm)
kept in a greenhouse and watered daily to determine SVI, and
each treatment was replicated four times. The temperature of the
greenhouse ranged from 23 °C to 30 °C, and humidity ranged
from 40% to 70%. Sunlight in the greenhouse was present for
9 to 12 h each day. The average length of the seedlings was mea-
sured 2 weeks later. SVI was calculated using the following
formula (Schelin et al., 2004):
SVI = × ∑S GtDt
where Gt is the number of germinated seeds, Dt is the number
of days of germination, and S is the average length of the
seedlings.
2.5. Biological activity of pathogens on the surface and inside
the seeds
To assess the biological activity of the pathogens on the surface
of the seeds, four replicates of 50 seeds each were used in the
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following experiments. For each treatment, 50 seeds were placed
on the PDA medium, sealed with Parafilm®, and incubated in
the dark at 28 °C for 7 days. After incubation, external radial
growth of the seedlings was recorded using two cardinal diam-
eters that were previously drawn on the bottom of the dish. Then,
each seed was examined microscopically (50× magnification,
Nikon 80i) for sporulation of the three pathogenic strains. Sus-
pected positive samples were confirmed by microscopic
examination of conidia at 400× magnification (International Seed
Testing Association, 1981).
Four replicates of 50 seeds each were used to determine the
biological activity of each pathogen inside the seeds. Seed samples
were disinfected in 75% ethyl alcohol for 30 s and then rinsed
three times with sterile distilled water. Each batch of surface-
disinfected 50 seeds was placed on a new dish containing culture
medium, then episperm was unfolded, and the kernel isolated
(Wu et al., 2003). The same growth measurements were then per-
formed as earlier described.
Biological activity of the pathogens on the surface and inside
the seeds was calculated using the following formula: Biologi-
cal activity (%) = (number of infected seeds/total number of
cucumber seeds) × 100.
2.6. Determination of morbidity rate of cucumber seedlings
Four replicates of each treatment, with each replicate con-
sisting of 50 seeds, were sown in culture trays (10 cm × 10 cm),
kept in the greenhouse, and watered daily. Seven weeks later,
the total number of infected plants was counted. The morbidity
rate of infected cucumber seedlings was calculated using the fol-
lowing formula: Morbidity rate (%) = (number of infected
seedlings/total number of seedlings) × 100.
2.7. Statistical analysis
Experiments were replicated three times. Data were ana-
lyzed using the Statistical Analysis Systems procedure (SAS 9.1).
Treatment means were compared using Fisher’s protected LSD
test.
3. Results
3.1. Isolation of pathogens and pathogenicity testing
Colonies of C. cucumerinum on PDA were densely packed
and showed a greenish black color. Conidia formed on long
branched chains, and their shapes were highly variable. The co-
nidiophore was pale olive-brown, smooth, tall, dark, upright, with
several branches near the apex, clustered or single, and highly
variable in size. When incubated under a 12 h light/12 h dark
cycle, isolates on PDA produced numerous pycnidia with hyaline,
cylindrical, one-septate conidia with mean dimensions of
5.6 μm × 2.8 μm. Colonies of D. bryoniae were black, with a
few pycnidia observed on the 14th day of incubation. Conidia
of C. orbiculare were hyaline in color and oval-shaped, and based
on the symptoms, as well as morphological and conidial char-
acteristics, the fungus was identified as C. orbiculare (Fig. 1).
Pathogenicity testing indicated that the C. cucumerinum, D.
bryoniae, and C. orbiculare isolates were highly virulent. A spore
concentration of 3.0 × 105 spores · mL−1 was determined to be
an effective concentration for the inoculation of plants that re-
sulted in pathogenicity. Plants expressed symptoms of severe
infection such as papery lesions on leaves and pycnidia on stem
on the 14th day after inoculation. The leaf spots of scabs were
irregular and were of bright yellow color. Gummy stem blight
was initially expressed as angular lesions on leaves that subse-
quently dried and dropped out, resulting in ragged lesions. The
symptoms of anthracnose appeared as circular spots on leaves,
with severe cases resulting in leaves drying up. The control plants
were completely free from disease.
3.2. Effect of dry heat treatments on in vitro colony growth of
fungi
The colony diameter of the control was 3.48, 8.50, and
3.58 cm, respectively. The growth of C. cucumerinum was com-
pletely inhibited after heat treatment at 70 °C for 40 min and
60 min. The growth of D. bryoniae was inhibited at 65 °C for
60 min, and 70 °C for 40 min and 60 min. The growth of C.
orbiculare was inhibited at 65 °C for 60 min and 70 °C for 20,
40, and 60 min (Table 1). These results indicated that all three
pathogenic isolates could be completely inhibited at 70 °C for
40 min.
3.3. Effect of dry heat treatments on moisture content,
germination percentage, and vigor of cucumber seeds
The cucumber seeds were subjected to dry heat treatment at
70 °C for 40, 60, 90, and 120 min. With the increase in treat-
ment time, the moisture content and germination rate of cucumber
Fig. 1 The respective microstructures of conidia, conidium terrier, or acervulus of the three pathogens isolated from cucumber seeds
A. Conidia and conidiophore of Cladosporium cucumerinum; B. Conidia of Didymella bryoniae; C. Acervulus of Colletotrichum orbiculare.
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seeds gradually decreased. The moisture content of three control
cultivars seeds was 6.04%, 5.97%, and 6.02%, respectively, and
germination percentage was 98.14%, 99.46%, and 100.00%, re-
spectively (Table 2). When the seeds were exposed to 70 °C for
90 min, moisture content decreased to 4.12%, 4.26%, and 4.08%,
and the germination percentage was reduced to 95.22%, 93.02%,
and 93.21%, respectively (Table 2). Although the germination
percentage slightly decreased after dry heat treatment for dif-
ferent durations, it remained > 90.00%. Meanwhile, SVI did not
have a significant effect on various dry heat treatments (Table 2).
Based on these results, the 70 °C dry heat treatments were uti-
lized in the subsequent experiments.
3.4. Effect of dry heat treatment of cucumber seeds on the
virulence of the three pathogens
Exposure of infected seeds to temperatures of 70 °C for 40,
60, 90, or 120 min reduced the biological activities of the pathogens
on both the surface and inside the cucumber seeds (Table 3). The
biological activities of the pathogens gradually reduced as the ex-
posure time increased from 40 min to 120 min. The morbidity of
cucumber seedlings infected withC. cucumerinum andD. bryoniae
were completely suppressed by 70 °C dry heat treatment for at
least 60 min, and the morbidity of cucumber seedlings infected
with C. orbicularewas completely suppressed by 70 °C heat treat-
ment for at least 90 min (Table 4). The morbidity of contaminated
seeds infected with C. cucumerinum and C. orbiculare without
heat treatment was 100%, and the morbidity of seeds infected with
D. bryoniae was 50% at seven weeks after sowing. When the cu-
cumber seeds were treated with 70 °C dry heat for 40 min, the
morbidity of seeds infected with C. cucumerinum, D. bryoniae
and C. orbiculare decreased to 36.19%, 21.19%, and 36.46%, re-
spectively. The cucumber seeds infected with C. orbiculare did
not show complete disinfection at 70 °C for 60 min. Thus, mor-
bidity remained at 10%, and the cucumber plants exhibited
symptoms at seven weeks after sowing.
Table 1 Effect of dry heat treatment on the in vitro diameter of growth colonies of three cucumber seed-borne pathogens
Treatment Colony diameter of three pathogens/cm
C. cucumerinum D. bryoniae C. orbiculare
Control 3.48A 8.50A 3.58A
55 °C, 20 min 3.12B 7.75B 3.27B
55 °C, 40 min 3.05B 7.55B 2.00D
55 °C, 60 min 2.03DE 5.95CD 1.85DEF
60 °C, 20 min 3.02B 6.23C 2.92C
60 °C, 40 min 2.48B 6.00CD 1.65EFG
60 °C, 60 min 1.97DE 5.33E 1.60FG
65 °C, 20 min 2.10D 5.65DE 1.90DE
65 °C, 40 min 1.80EF 3.97F 1.43G
65 °C, 60 min 1.55G 0H 0H
70 °C, 20 min 1.70FG 1.00G 0H
70 °C, 40 min 0H 0H 0H
70 °C, 60 min 0H 0H 0H
Note: Three cucumber pathogens were subjected to temperature treatments of either 55, 60, and 65 °C, or 70 °C for 20, 40, 60, 90, and 120 min. Cultures were
incubated at 28 °C following dry heat treatment. Values in the same column that are followed by the same uppercase letter are significantly different (P ≤ 0.05).
Table 2 Effect of dry heat treatments on moisture content, germination percentage, and seed vigor index of cucumber seeds
Treatment Moisture content/% Germination percentage/% Seed vigor index
J36 J35 J12 J36 J35 J12 J36 J35 J12
Control 6.04A 5.97A 6.02A 98.14A 99.46A 100.00A 8.81C 8.33D 8.94C
70 °C, 40 min 4.91B 5.24B 5.11B 97.16B 97.13B 97.46AB 9.26B 9.03BC 9.22B
70 °C, 60 min 4.52C 4.75C 4.44C 96.44B 95.18C 97.01AB 9.75A 9.56AB 9.68A
70 °C, 90 min 4.12D 4.26D 4.08D 95.22C 93.02D 93.21BC 9.50AB 9.49AB 9.59A
70 °C, 120 min 3.94D 3.46E 3.53E 93.21D 92.01E 94.18CD 8.89C 8.62C 8.79C
Note: Values in the same column that are followed by the same uppercase letter are significantly different (P ≤ 0.05).
Table 3 Effect of dry heat treatment on the biological activity of pathogens on the surface and inside the cucumber seeds
Treatment C. cucumerinum D. bryoniae C. orbiculare
Surface Inside Surface Inside Surface Inside
Control 99.00A 99.50A 98.50A 98.50A 100.00A 99.00A
70 °C, 40 min 31.50C 64.50B 31.00C 65.50B 32.00C 67.50B
70 °C, 60 min 0D 0D 0D 0D 0D 0D
70 °C, 90 min 0D 0D 0D 0D 0D 0D
70 °C, 120 min 0D 0D 0D 0D 0D 0D
Note: Values in the same column that are followed by the same uppercase letter are significantly different (P ≤ 0.05).
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4. Discussion
Dry heat is a common physical method for the safe treat-
ment of various types of seeds (Bang et al., 2011). Direct dry
heat treatment of infected seeds can effectively eradicate patho-
gens from seeds (Masaharu et al., 2012). In the present study,
the in vitro diameter of colony growth of fungi, as well as seed
viability and vigor were tested to optimize the conditions of dry
heat treatment that would not only reduce seed infection, but also
retain seed viability (Golezanik et al., 2008). A significant de-
crease in the virulence of the pathogen for lupin anthracnose was
observed after seed dry heat treatment for one day at 80 °C, one
to four days at 70 °C, or eight days at 65 °C. These findings were
in agreement with the results of our previous study (Thomas and
Adcock, 2004).
In vitro mycelial growth was completely inhibited using dry
heat treatment at 70 °C for 40 min. With the increase in expo-
sure time and temperature, the diameters of all pathogen colonies
that were isolated from treated seeds gradually decreased.
However, the pathogens were not completely eradicated by 70 °C
dry heat treatment for 40 min. After extending the treatment time
to 90 min, the pathogens were completely eradicated from the
seeds, which might be because the fungi could obtain moisture
from the seeds or create a steam environment that induced the
pathogens to enter a dormant state.
The moisture content and germination rate of seeds both
gradually reduced with increasing dry heat temperatures.
A previous study reported that 60 °C heat treatment of
seeds caused a reduction in germination by 32.00% (Geetika
et al., 2012). In the present study, the germination percentage
significantly decreased when the seeds were continuously
subjected to 40, 50, and 60 °C for 10 days, which was
accompanied by a reduction in moisture content and seed
vigor. Similar results were observed for radish seeds, in which
germination was maintained well after 48 h of drying, and de-
clined after extended periods of drying time. Another study
showed that seed priming significantly promoted early germi-
nation of dry heat-treated seeds, thus resulting in markedly faster
growth compared to that of the non-treated seeds (Jung, 2004).
These discrepant findings were probably due to the exposure
times employed in the experiments, which were significantly
shorter than those applied to cassia seeds, although this re-
quires further confirmation. A recent study showed that drying
of high-water-content seeds prior to dry-heat treatment (>60 °C)
was essential for preservation of seed viability (Bang et al.,
2011).
In summary, application of dry heat at 70 °C for 90 min sig-
nificantly inhibited progression of C. cucumerinum, D. bryoniae,
and C. orbiculare infection in cucumber seeds and in some cases,
even eradicated these pathogens. Seed disinfection could be im-
proved by longer periods of exposure to higher temperatures,
although this may also result in an increased risk for negative
effects on seed viability. Therefore, a moderate period of expo-
sure to dry heat was selected as the optimal condition for seed
disinfection that would simultaneously preserve seed viability.
Further protection can be added by combining heat treatment
with other techniques.
Acknowledgements
This paper was supported by the earmarked fund for the
Science and Technology Innovation Program of the Chinese
Academy of Agricultural Science (CAAS-ASTIP-IVFCAAS),
the National KeyTechnology Support Program (2012BAD19B06)
and funded by the Key Laboratory of Horticultural Crops Genetic
Improvement, Ministry of Agriculture in China.
References
Bang, J., Kim, H., Kim, H., Beuchat, L.R., Ryu, J.H., 2011. Combined effects
of chlorine dioxide, drying, and dry heat treatments in inactivating
microorganisms on radish seeds. Food Microbiol, 28: 114–118.
Copeland, L.O., McDonald, M.B., 1995. Principles of Seed Science and
Technology, Third ed. Chapman and Hall, NewYork.
Dadali, G., Demirhan, E., Ozbek, B., 2007. Microwave heat treatment of spinach:
drying kinetics and effective moisture diffusivity. Dry Technol, 10: 1703–
1712.
Du, H.L., Mathur, S.B., Paul, N., 1984. Detection and location of seed-borne
inoculum ofDidymella bryoniae and its transmission in seedlings of cucumber
and pumpkin. J Phytopathol, 109: 301–308.
Geetika, P., Sudhakar, M., Aruna, J., Ugam, K.C., 2012. Effect of dry heat
treatments on viability and vigor of Cassia tora L. seeds. Plant Sci, 2: 58–64.
Golezanik, G., Aliloo, A.A., Valizadeh, M., Moghaddam, M., 2008. Effects of
hydro and osmo-priming on seed germination and field emergence of lentil
(Lens culinarisMedik.). Notulae Botanicae Horti Agrobotanici, 36: 29–33.
Helen, Y., Judith, K.P., Peter, G.A., Suzanne, J.C., Barry, J.P., 2003. Laboratory
evaluation of temperature effects on the germination and growth of
entomopathogenic fungi and on their pathogenicity to two aphid species. Pest
Manag Sci, 59: 156–165.
International Seed Testing Association, 1981. ISTA Handbook on Seed Health
Testing. The International Seed Testing Association, Switzerland.
Jung, M.L., 2004. Seed enhancement for healthy seedlings. Asian and Pacific
Seed Association Technical Report, 40.
Kim, D.H., Lee, J.M., 2000. Seed treatment for cucumber green mottle mosaic
virus (CGMMV) in gourd (Lagenaria siceraria) seeds and its detection. J
Korean Soc Hortic Sci, 41: 1–6.
Kritzman, G., 1993. A chemi-thermal treatment for control of seed borne bacterial
pathogens of tomato. Phytoparasitica, 21: 101–109.
Li, R.Y., Yang, L., Chang, H., Liu, W., Yan, S.P., Gao, F.X., 2011. Effect of
dry-heat treatment of different temperature on germination of vegetable seed.
China Vegetables, 16: 67–71. (in Chinese)
Masaharu, K., Naoko, H., Takashi, S., 2012. Disinfection of seeds of cucurbit
crops infested with acidovorax citrulli with dry heat treatment. J Phytopathol,
160: 364–368.
Nasreen, S., Talha, A., Ghaffar, A., 2009. Location of seed-borne I inoculum
ofMacrophomina phaseolina and its transmission in seedlings of cucumber.
Pakistan J Bot, 41: 2563–2566.
Table 4 Effect of dry heat treatment of cucumber seeds on morbidity of
cucumber plants infected by different pathogens
Treatment Morbidity of cucumber plants/%
C. cucumerinum D. bryoniae C. orbiculare
Control 98.59A 48.31B 97.16A
70 °C, 40 min 36.19C 21.19D 36.46C
70 °C, 60 min 0F 0F 12.06E
70 °C, 90 min 0F 0F 0F
70 °C, 120 min 0F 0F 0F
Note: Values in the same column that are followed by the same uppercase letter
are significantly different (P ≤ 0.05).
39Dry Heat Treatment Reduces the Occurrence of Cladosporium cucumerinum, Ascochyta citrullina, and Colletotrichum orbiculare......
Sajid, A.A., Javed, F., Ashraf, M., Hafeez, F.Y., 2006. Effect of fungicide seed
treatments on N2-fixation and nodulation in pea Pisum sativum L. Environ
Contam Toxicol, 77: 896–904.
Schelin, M., Tigabu, M., Eriksson, I., Sawadogo, L., Oden, P.C., 2004. Predispersal
seed predation in Acacia macrostachya, its impact on seed viability, and
germination responses to scarification and dry heat treatments. New Forest,
27: 251–267.
Schmitt, A., Koch, E., Stephan, D., Kromphardt, C., Jahn, M., Krauthausen, H.J.,
Forsberg, G., Werner, S., Amein, T., Wright, S.A.I., Tinivella, F., Wolf, J.,
Groot, S.P.C., 2009. Evaluation of non-chemical seed treatment methods for
the control of Phoma valerianellae on lamb’s lettuce seeds. J Plant Dis
Protect, 116: 200–207.
Song, S.H., Wu, P., Zheng, X.Y., Ding, H.F., 2011. Sterilizing effects of dry heat
treatment and its influence on vegetable seed quality. J Henan Agricul Sci,
40: 117–119. (in Chinese)
Taormina, P.J., Beuchat, L.R., Slutsker, L., 1999. Infections associated with eating
seed sprouts: an international concern. Emerg Infect Dis, 5: 626–634.
Thomas, G.J., Adcock, K.G., 2004. Exposure to dry heat reduces anthracnose
infection of lupin seed. Australas Plant Path, 33: 537–540.
Thomas, G.J., Sweetingham, M.W., 2003. Fungicide seed treatments reduce seed
transmission and severity of lupin anthracnose caused by Colletotrichum
gloeosporioides. Australas Plant Path, 32: 39–46.
Wu, X.H., Liu, X.L., Liu, P.F., Li, J.Q., 2003. Testing of seed-borne fungi of
major watermelon varieties in China and disinfection effect of several
fungicides on seed-borne fungi. Chinese J Pestic Sci, 5: 39–44. (in Chinese)
Yuan, M.L., Yang, Y.F., Chen, X.Y., Liu, W.S., 1991. Epidemiology of cucumber
scab and its ecologic control. J Plant Protect, 18: 273–278. (in Chinese)
Zhang, G.H., Han, Y.K., Sun, X.H., Li, S.J., Wei, A.M., Du, S.L., 2006. Molecular
marker linked to the resistant gene of cucumber scab. Sci Agri Sin, 11:
2250–2254. (in Chinese)
40 SHI Yanxia et al.
